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Abstract The previous study proposed a channel utilization method SDN-enabled in multi-channel wireless mesh
network(SD-WMN), which utilizes all of channel resources eﬃciently. However, when multiple applications are
transferred on SD-WMN, their QoE can not be maintained because of diﬀerences in important factors for QoE
depending on applications. Therefore, in order to handle application flow more eﬃciently based on QoE, this paper
focus on QoE estimation for every flow being going through SD-WMN. In the QoE calculation, there are parameters
that can not be collected with OpenFlow. In this study, we estimate QoE of application not only by a SDN-based
measurement but also estimating parameters necessary for QoE calculation. Finally, we show the eﬀectiveness of
the proposed QoE estimation method with a video application.
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1. ? ? ? ?
???????????????????????????
????????????????????????????
?????????????? LAN ???????????
?????? LAN????????? (AP:Access Point)?
????????????????????????????
???? LAN?????????????????????
? (WMN:Wireless Mesh Network) ????????????
???WMN ????????????????????
????????????????????????????
???????????????????????????
???????????????????????????
????????????? 1 ???????????SDN
?OpenFlow????????????????? SD-WMN?
???????????????????????????
????????????????????????????
?????????????? [1] [2] [3]??????????
????????????????????????????
??????????????????QoE????????
????????WMN?????????????????
???????????????????????????
???????????????????????????
??????????????? QoE??????????
????????????????????????????
????????????????????????????
QoE ?????????????????????????
????????????????????????????
? QoE????????????????????????
????????????????????????????
? OpenFlow????????? QoE??????????
???
QoE?????????????????????????
???????????OpenFlow????????????
????????????????????????????
????????OpenFlow???????????????
??????????????? QoE??????????
??????????????????????OpenFlow?
??????????? QoE?????????WMN??
???????????????????
2. ? ? ? ?
SDN ????????????????????????
?????????????????????SDN?????
??????????????????? [4]????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
???????????????????QoE ??????
? 1 ITU-T G.1071 ?????
????? ?????
??????? RTSP over RTP MPEG2-TS over RTP
??????? H.264?MPEG-4 H.264
??? QCIF(176×114)?? SD(720×480)?
HVGA(480×320) HD(1280×720?1920×1080)
?????? QCIF:32?1000 k? SD:0.5?9 M?
(bps) HVGA:192?6000 k HD:0.5?30 M
??????? 5?30 fps 25?60 fps
????????????????????????????
????????????????????????????
3. ?????QoE??
???????????? QoE????????????
3. 1 ITU-T G.1071???
????? QoE? ITU-T G.1071 [5]??????????
???G.1071 ?????????????????????
????????????????????????????
??????? QoE??????????????G.1071?
???? QoE??????? QoE????????????
????????? QoE???????????? QoE??
????
G.1071 ????????????? 2 ??? QoE ???
(??????????????)?????????????
??????????????????????????? 1
????????????????????????????
????????? 1????MOS?????? 1?? 5?
???????
3. 2 G.1071??????????
????????G.1071????????????????
????????????????????????????
????????? QoE????????????
QV = 100−QcodV −QtraV ? (1)
QcodV = A · eB·bp + C + (D · eE·bp + F ) +G (2)
bp = br · 10
6
r · fr (3)
QtraV = H · log(I · plc+ 1) (4)
plc = J exp{K(L−M) · pl
M(N · plb+O) + pl} − J (5)
QV ? QoE? 0?100??????????????MOS?
?????????????? QoE ????????A?O
? G.1071????????????????B?E ????
?????????????????????QoE?????
?????????????? 2?????????????
????????
????????:??????? pl[%]??????????
??? plb?????
???????:???????? br[Mbps]????????
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? 2 ???????? QoE ??????
??????? (%) QoE
0 4.654314
0.01 3.333041
0.1 1.874826
1 1.390250
? 3 ????????????? QoE ??????
???????????? QoE
1 1.874826
10 3.110412
100 4.281420
fr[fps]???? r[pixel]??????????????????
????????????????????????????
??????Packet Loss Concealment(PLC)???????
(5)??????????PLC??????????????
????????????????????????????
????????? Freezing ??????????????
?? Slicing??? 2????????Slicing?????? 1
????????????????????????????
??????????????????????
3. 3 ITU-T G.1071?????
???? ITU-T G.1071???????????? QoE?
????????????????? SD????????
30fps????????? 2.5Mbps???????? 0.1%??
??????????? 1??PLC?? Slicing?? 1???
? 1 ??????????????QoE ?????????
??????????????????????PLC??? 3
????????? QoE?????????
???????????????????? 2????? 2
??????????? 0.1%? QoE???????????
QoE????????????????????? 0.1%??
?? QoE???????????????????????
?????? 3?????????????????????
????????? QoE????????????????
????????????????????????????
??????????????????????????QoE
?????????????????? (5)????????
????????????????????????????
????????????plc?????????QtraV ???
??????????????????? 4???PLC???
?? QoE??????? 1???????????????
??????Slicing????????????????Slicing
?? 1???? 1???????????? QoE????
???????? 3????????QoE????????
????????????????????????????
?????????????????SDN?????????
?????????????????????????PLC?
? 4 PLC ??? QoE ??????
PLC ?? QoE
Freezing 2.454080
Slicing ??
??? 1 ?????????? =1 1.874826
Slicing ??
??? 1 ???????????>1 2.531622
?? SDN???????????????????????
??????????????????????? QoE??
??????????? SDN??????????????
????????????????????????????
????????????????????????????
?????????PLC??????????????
4. G.1071??????????? SDN??
??QoE??
?????????? QoE? SDN???????????
???????????QoE??????? G.1071????
3. 3 ?????????QoE ??????????????
????????????????????????????
???????????? 4.1??????????????
??? 4.2?????
4. 1 ????????????
3. 3 ?????????QoE ?????????????
????????????????????????????
???????????????????????SD-WMN
???????? OpenFlow ??????????????
???
OpenFlow ?????????OFC??????????
?OFS??????????????FlowStats????????
??????????????? IP???????????
????????????????????????????
??? FlowStats????????????????????
????????????????????????????
??FlowStats?????????????????????
?? FlowStats? 2???????????????????
????????????????????????????
1???????????????????????????
???????????????????????????
??????????????????????FlowStats?
OFC????????????????????? OFS??
FlowStats???????????????????????
????????????????????????????
????????3. 3??????????????????
????? QoE????????????????????
???????
???????????????????????????
??????????????? 1????????????
???????????????????????????
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? 1 ????????????
??? OFS???? OFS?????????? OFS????
OFS??????????????????????????
??????????? OFS??????????????
??????? OFS ???? OFS ???????????
????????????????????????????
?????????????????????????????
??? OFS????OFS????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????
???????? 1????????? FlowStats????
??????????????G.1071?? 8??24????
????????? QoE????????????????
????????? QoE????????????????
????????? 8?????????????
4. 2 ??????????????
3. 3?????????????????????????
?????????????????PLC?????????
????????????????????????????
??
????????????:OpenFlow???????????
????????????????????????????
?? QoE?????????????? 3????????
???????? 1?QoE????????????????
????????: ???????????????????
????????????????????????????
????????????????????????????
?????? FlowStats?????????????????
??????????????????OFS????????
????????????????????????????
????????????????????????????
OFS????????????
???????????: ????????????????
????????????????? [6]?????????
?????????????????? 5????? 5???
???????????????????? 6???????
? 5 ?????????????????????????
??? ??????? (fps) ???????? (kbps)
SD(720×480) 24,25,30 2,500
SD(720×480) 48,50,60 4,000
HD(1280×720) 24,25,30 5,000
HD(1280×720) 48,50,60 7,500
HD(1920×1080) 24,25,30 8,000
HD(1920×1080) 48,50,60 12,000
? 6 ??????????????
???????? (kbps) ??? ??????? (fps)
?3,250 SD(720×480) 30
3,250?4,500 SD(720×480) 60
4,500?6,250 HD(1280×720) 30
6,250?7,750 HD(1280×720) 60
7,750?10,000 HD(1920×1080) 30
10,000? HD(1920×1080) 60
????? 1???????????????????????
?????????????QoE?????????????
??????????? 5????????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
?????? QoE??????????
PLC ??:PLC ????????????????????
????????????????? 4????? QoE??
????? Slicing?? 1???? 1?????????
5. ?????????
???????????????????????????
??????????????????????????
5. 1 ? ? ? ?
? OFS???????????????????????
???????????????????? OFS?????
? 8??????????????????????????
????????????????????????????
?? QoE??????
5. 2 ? ? ? ?
????????? 2????WMN? IEEE802.11a? 120
?????????OFC ??Trema?OFS ??OpenvSwitch
????????OFC-OFS??OpenFlow????????
????????????????????????-OFS?
????????????????????????OFS ?
???? 70cm????
5. 3 ???????????????
????? H.264???? SD???????? 30fps???
?????? 2.5Mbps??????? 60?????????
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? 2 ? ? ? ?
? 3 1????????????????????????????
???????
? 4 1 ???????????????? QoE
? PC1?? PC2????????????????????
???????????????????QoE???????
????????????55???????????????
???? 6???????????????????????
????????????????????????????
???????????????????????? 3??
QoE??????? 4???? ? 3???AP1? AP2??
????????????????????????????
??? 4?????????????????QoE?????
2????????????????????7-15?23-31??
????????? OFS????????????????
????? 15-23?31-39?39-47??????????? OFS
???????????????? (? 3)?????????
???????????????????QoE???????
????????????????????????????
???????
??????????????? QoE?????????
2 ?????PC1 ?? PC3 ?????????????? 2
???????????? QoE ?? 5 ????? 5 ???1
? 5 2 ???????????????? QoE
? 6 ????????????????????????????
??????
????????????????????????????
?????? QoE ?????? 2 ????????????
?????? QoE?????????????????15-31
???? QoE??????????? OFS????????
?????????? OFS???????????????
????????????????????????????
??????? OFS??????????????????
????????????????????????????
????????????????????????????
????????????????????????????
???????
5. 4 ???????????????
???????????????????????????
???????????????????????????
????????????????????????????
2??????????????? QoE??????
???? 2????????? PC1?? PC2??????
??????????????????????? PC1??
PC2 ?????????????????????????
?????????????????????? iperf???
? udp ? 14.1Mbps ??????????????????
????????????? 6??QoE??????? 7?
??? ? 6???7-31?????????????????
?? 0%????????????????????????
????????????????????????????
???????????? AP1?????????????
????????????????????????????
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? 7 ??????????????? QoE
? 8 20.5m ?????????????????????????
??
? 9 20.5m ???????? QoE
??????????????????????? OFS??
????????????????????????????
???31???? QoE?????????????????
????????????????????????????
????????????????????????????
??????
????AP?????????????????????
???????? 2? AP1?2?????? 20.5m?????
????????????????????????????
???????????? 8??QoE??????? 9??
?? ? 8???15-23??????????????????
????????????????????????????
??????????????????15-23???????
????????????????????????????
????????????????????QoE?? 9???
?????????????????????????????
??????????? 0.4%??????????????
????????? OFS????????????????
????? 0%????????????3. 3????0.4%?
?QoE?????????????????????????
????????????????????????????
????????????????????????????
???????? OFS?????????????????
?????????????????????QoE?? 1%?
????????????????????????????
?????? QoE????????????????????
???????????????????? QoE?????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
??????
6. ? ? ? ?
?????OpenFlow?????????????????
?? QoE??????????????????? QoE??
???????????????????????? QoE?
????????????????????????????
???????????OpenFlow ???????????
FlowStats???????????????????????
???? QoE?????????????????????
??????????? QoE??????????????
????????????????????????????
????????????????????????????
????????????????????????????
????????????????????????????
??????????????
????????????JSPS ??? JP17H03270???
????????????????????????????
??????????????
? ?
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